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Caminicella sporogenes gen. nov., sp. nov., a
novel thermophilic spore-forming bacterium
isolated from an East-Paciﬁc Rise hydrothermal
vent
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A novel thermophilic, anaerobic, strictly chemoorganoheterotrophic
bacterium, designated as AM1114T, was isolated from a deep-sea hydrothermal
vent sample from the East-Paciﬁc Rise (EPR 13° N). The cells were long
(3–10 lm) rods, motile with peritrichous ﬂagella, and exhibited a Gram-
negative cell wall ultrastructure. In the late stationary phase of growth, cells
formed an ovoid, refractile, terminal endospore. They grew at 45–65 °C
inclusive (optimum 55–60 °C; doubling time approx. 45 min), at pH 4<5–8<0
inclusive (optimum pH 7<5–8<0) and at sea salt concentrations of 20–60 g lN1
inclusive (optimum 25–30 g lN1). Strain AM1114T was an obligately
heterotrophic bacterium able to ferment a mixture of 20 amino acids, complex
proteinaceous substrates (such as yeast extract, brain–heart infusion or
peptone), and carbohydrates such as glucose, galactose or maltose. The main
fermentation products on glucose/yeast extract/peptone/sulfur medium were
hydrogen, carbon dioxide, butyrate, ethanol, acetate, formate and L-alanine.
The GMC content of the genomic DNA (determined by thermal denaturation)
was 24<2O1 mol%. Phylogenetic analyses of the 16S rRNA gene located the
strain within cluster XI of the lineage encompassing the genus Clostridium and
related genera (sensu Collins et al., 1994), in the bacterial domain. On the basis
of 16S rDNA sequence comparisons and physiological and biochemical
characteristics, it is proposed that the isolate should be described as a novel
genus, namely Caminicella gen. nov., of which Caminicella sporogenes sp. nov.
is the type species. The type strain is AM1114T (¯DSM 14501T¯CIP 107141T).
Keywords: deep-sea hydrothermal vent, thermophile, Clostridiales, Caminicella
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INTRODUCTION
Overthepastdecade,microbiologicalinvestigationsof
deep-sea hydrothermal vents from a number of geo-
graphicallydistantsiteshaverevealedthepresenceofa
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The GenBank/EMBL/DDBJ accession number for the 16S rDNA sequence of
strain AM1114T is AJ320233.
phylogenetically and physiologically diverse com-
munity of thermophilic and hyperthermophilic micro-
organisms thriving in the hottest part of the hy-
drothermal vent ecosystem. Representatives species of
both the Bacteria and the Archaea have been isolated
from deep-sea vents. Physiological types isolated from
this biotope include chemolithoautotrophs, chemo-
organoheterotrophsandmixotrophs(Jeanthon,2000).
Recently, several molecular phylogenetic approaches
conducted by means of the comparison of 16S rRNA
gene sequences have revealed a plethora of novel
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microbial lineages previously unknown for deep-sea
hydrothermal vents (Polz et al., 1995; Moyer et al.,
1995,1998;Takaietal.,1999;Reysenbachetal.,2000;
Longnecker et al., 2001). In this work, we report the
isolation and characterization of a strain belonging to
cluster XI of the `Clostridia and relatives' group
(according to the scheme of Collins et al., 1994).
The Clostridiales constitute one of the largest of the
eubacterial taxa. It encompasses a complex range of
Gram-negativeorGram-positive,psychrophilic,meso-
philic or thermophilic, spore-forming or non-spore-
forming, chemoorganoheterotrophic or chemolitho-
trophic bacteria that can be found in a variety of
habitats, and includes a large number of eukaryotic
pathogens (Cato et al., 1986). Among this group of
micro-organisms, 19 clusters have been de®ned by
Collins et al. within the genus Clostridium and related
genera, on the basis of phylogenetic 16S rDNA
sequence analysis (Collins et al., 1994). However, the
inability to identify clear-cut phenotypic discriminat-
ory properties essential for circumscribing clusters
de®ned only by phylogenetic analysis hinders the
reclassi®cation process and leads to `arti®cial' cluster-
ing. Consequently, the genus Clostridium, as well as
other genera placed in the Clostridium subphylum of
the low-G­C Gram-positive bacteria, is always in
revision in order to make the taxonomy consistent
with the phylogeny (Rainey et al., 1993; Stackebrandt
et al., 1999).
Members of cluster XI of the `Clostridia and relatives'
group exhibit a wide range of phenotypes (Andreesen
et al., 1970; Adamse, 1980; Braun et al., 1981; Lux et
al., 1992; Jalava et al., 1999; Ravot et al., 1999).
Notably, this cluster comprises few extreme micro-
organisms such as alkaliphiles (Li et al., 1993, 1994;
Collins et al., 1994; Kevbrin et al., 1998; Takai et al.,
2001), moderate thermophiles (Li et al., 1993, 1994)
and halophiles (Fendrich et al., 1990). Although this
cluster encompasses an extremely diverse range of
metabolic and physiological properties, this group is
phylogenetically well de®ned (Collins et al., 1994).
In 1999, hydrothermal samples were collected from a
deep-sea vent located on the East-Paci®c Rise (EPR
13° N). We describe the isolation (from one of these
samples) and characterization of a thermophilic,
spore-forming bacterium having phenotypic and phy-
logenetic characteristics consistent with its assignment
to a new genus within the Clostridiales.
METHODS
Collection of samples. In 1999, a deep-sea vent ®eld located
on the East-Paci®c Rise [Elsa (HOT 3) 103° 56« 326 W,
12° 48« 200 N] was explored during the `Advanced Micro-
biological Studies of Thermophiles: Adaptations and Di-
versity' oceanographic cruise. White entire tube samples of
the hydrothermal vent polychaete Alvinella pompejana,
which inhabits the surface of active sul®de structures
(`chimneys', `smokers'), attached to small fragments of
chimney rocks, were collected by the man-operated Nautile
submersible. After collection, the samples were immediately
transferred into an anaerobic chamber and then, after
removal of the tubes' inner contents, placed in 50 ml serum
vials ®lled with a sterile solution of 3% sea salts (v}v)
(Sigma). They were stored at 4 °C until enrichment in the
laboratory.
Enrichment and puriﬁcation procedures. Cultures were en-
riched and puri®ed anaerobically in a medium containing
the following (per l): 30 g sea salts (Sigma), 6±05 g PIPES
buﬀer (Sigma), 0±2 g yeast extract (Difco), 0±2g d(­)-
glucose (Sigma), 0±2 g dextran (produced by Leuconostoc
mesenteroides strain B-512, mol. wt 148000; Sigma), 2 g
sterileA.pompejanapulverizedtubes,0±5 mlvitaminmixture
(Balch et al., 1979), 10 ml trace-element solution (Balch et
al., 1979) and 1 mg resazurin (Sigma). The medium was
adjusted to pH 7±0, at room temperature, before being
autoclaved.Allmanipulationsprecedingtheenrichmentand
isolation experiments were performed in an anaerobic
chamber, under an atmosphere of N#}CO#}H# (90:5:5).
The sterile medium was reduced using 0±5gl −" sodium
sul®de, then distributed into serum vials before inoculation.
Enrichment cultures were performed at 60 °C without
agitation by inoculating a 1 ml sample directly into each vial
®lled with 25 ml medium. After the enrichment experiments,
positiveculturesweresubculturedandthenpuri®edbyusing
the dilution-to-extinction technique (Baross, 1995). The
purity of the strain was con®rmed by microscopic observa-
tions and by cloning and sequencing of 10 16S rDNA clone
genes.
Culture medium and conditions. The new isolate was grown
on glucose}yeast extract}peptone}sulfur (GYPS) medium
containing the following (per litre): 30 g sea salts (Sigma),
6±05 g PIPES buﬀer (Sigma), 0±5 g yeast extract (Difco), 1 g
bacto-peptone (Difco), 5 g d(­)-glucose (Sigma), 12 g
elemental sulfur (Prolabo) and 0±1% (v}v) resazurin sol-
ution. Its pH was adjusted to 7±5 before autoclaving, and the
medium was reduced by 0±5 g sodium sul®de l−" before
inoculation. Unless indicated otherwise, cultures were incu-
bated at 60 °C under the anaerobic chamber gas mixture, at
atmospheric pressure.
Observation of the culture, and quantiﬁcation. Cells were
observed under a light microscope (model BH2; Olympus)
equipped with a phase-contrast oil-immersion objective
(¬100 magni®cation). Cells were quanti®ed by direct cell
counting using a Thoma chamber (depth, 0±02 mm). Alter-
natively, cells were ®xed with 1% glutaraldehyde (v}v) for
45 min at room temperature and stored at ®20 °C before
being counted in a Thoma chamber.
Morphology. The cells were Gram-stained by using the
Bacto 3-step Gram stain Set-S (Difco). The Gram type was
determined by using the Ryu non-staining KOH test (Ryu,
1940;Buck,1982;Powers,1995).TheSpotTest¯agellastain
(Difco) was used for ¯agella detection.
Forscanningelectronmicroscopy,cellswere®xedwith10%
formaldehyde (v}v) for 1 h, displayed on ®lters (0±22 lm
pore size; Nucleopore) and dried overnight at room tem-
perature. Samples were then coated with gold (SCD040;
Balzers) and examined with a scanning electron microscope
(XL 30 LaB6; Philips).
For transmission electron microscopy, cultures were ®xed at
room temperature in a ®xative solution containing 3%
glutaraldehyde (v}v), 0±2 M cacodylate buﬀer, pH 7±4, and
0±35 M sucrose. After centrifugation at 2000 g for 20 min,
the ®xative was carefully removed and replaced with the
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washing solution. Post-®xation in osmium tetroxide (1 vol.
in 1 vol. of 0±2 M cacodylate buﬀer) was performed. After
post-®xation and washing, the pellets were wrapped in agar
(2% solution), according to Pottu-Boumendil (1989). Agar
blockscontainingthecellswerecutintosmallcubes(1 mm$).
These cubes were then dehydrated in ethanol and propylene
oxide series and further embedded in Araldite CY212
(TAAB)accordingtoaroutineprocedure.Ultrathinsections
(50 nm) were obtained on a Reichert±Jung ultramicrotome.
Transmission electron microscopy observations were per-
formed on an LEO 912 electron microscope, operated at
120 kV with a LaB' source.
Determination of growth parameters. To determine the
optimum temperature, pH and sea-salts concentration, cells
were grown in Hungate tubes (15 ml; Bellco) containing
6 ml GYPS medium. Experiments were performed in ther-
mostatic aluminium heating blocks (Bioblock) monitored
with temperature probes placed in control tubes. To de-
termine the eﬀect of pH on the growth, the GYPS medium
was modi®ed with the following 10 mM buﬀers (Sigma): for
pH 3±0, 4±0 and 4±5, no buﬀer; for pH 5±0, 5±5 and 6±0, MES
buﬀer; for pH 6±5 and 7±0, PIPES buﬀer; for pH 7±5 and 8±0,
HEPES buﬀer; and for pH 8±5 and 9±0, AMPSO [3-(1,1-
dimethyl-2-hydroxyethyl)-amino-2-hydroxypropanesulfonic
acid] buﬀer. Sodium sul®de was added in the anaerobic
chamber and, if necessary, the pH was adjusted with 0±1M
HCl or 0±1 M NaOH. To determine the concentration of
salts required for growth, the GYPS medium was prepared
with diﬀerent dilutions of sea salt. Cells were then incubated
attheoptimaltemperatureandpHforgrowth.Theeﬀectsof
temperature, pH and salinity were determined by measuring
growth rates calculated using linear regression analysis from
four to seven points along the logarithmic portions of the
growth curves. All growth experiments were carried out in
triplicate.
Determination of growth requirements. The ability of the
new isolate to grow in the presence of diﬀerent electron
acceptors was investigated on GYPS medium in which
elemental sulfur had been replaced with one of the following
electron acceptors: l-cystine was tested at 50 mM, poly-
sul®des (Blumentals et al., 1990) and ferric iron were tested
at 10 mM, and thiosulfate, sulfate, sul®te, nitrate and nitrite
were tested at 20 mM. Growth in the absence of elemental
sulfur was also tested.
The ability of strain AM1114T to use a single carbon source
was investigated by adding one of the following organic
compounds to the GYPS medium from which carbon
sourceshadbeenomitted,andwhichwassupplementedwith
0±5m ll −" vitamin solution (Balch et al., 1979): 2 g l−"
NaHCO$,1 0 m l l −" trace-element solution (Balch et al.,
1979) and 1 ml l−" selenite}tungstate solution (6 mg l−"
Na#SeO$.5H#O; 0±8m gl −" Na#WO%.2H#O; 0±4gl −"
NaOH). d(­)-Glucose and maltose were added at a ®nal
concentration of 0±5% (w}v), while yeast extract and
brain±heart infusion were tested at 0±2%(w}v). The ability
ofthestrain togrow on pairsofamino acids (awiderangeof
amino acid pairs capable of being used via the Stickland
reaction was tested) or on a mixture of 20 amino acids was
also tested (for these experiments, the concentration of each
amino acid was 0±1gl −"). The following amino acids, which
were rapidly consumed when the strain was cultivated on a
mixtureof20aminoacids,werealsotestedsinglyat0±2gl −":
l-serine, l-proline, l-asparagine, l-tryptophan, l-cysteine,
l-isoleucine, l-leucine and l-phenylalanine. For the other
carbon sources tested, a small amount of yeast extract
(0±01% w}v) was used in GYPS basal medium for culture
induction.Thefollowingcarbonsourcesweretested:gelatin,
glycogen (from oyster), maltose, d(­)-glucose, d(®)-fruc-
tose, d(­)-galactose, starch (soluble), dextran (from L.
mesenteroides strain B-512, Mr 148000; Sigma), cellulose,
xylan (from oat spelts), chitin, d(­)-cellobiose were tested
to a ®nal concentration of 0±5% (w}v), while peptone,
tryptone, formate and acetate were added at a ®nal con-
centration of 0±2% (w}v), and methanol at a ®nal con-
centration of 0±5%(v}v).
The ability of the strain to grow by homoacetogenesis was
tested on a medium that had the following composition: sea
salts, 30 g l−"; PIPES buﬀer, 6±0 5gl −";N H %Cl, 1 g l−";
NaHCO$,1 0gl −";yeastextract,0±1gl −";resazurinsolution,
0±1% (v}v); KH#PO%,0 ±3 5gl −";K #HPO%,0 ±3 5gl −";
Na#S.9H#O, 0±5gl −"; selenite}tungstate solution, 1 ml l−";
trace-elementsolution (Balchetal.,1979), 10 ml l−";vitamin
solution (Balch et al., 1979), 0±5m ll −". This experiment was
performed under an H#}CO# (80:20; 200 kPa) gas phase.
All these tests were performed in duplicate, and positive
cultures were transferred to con®rm growth. Growth was
determined by direct cell counting in a Thoma chamber
(depth, 0±02 mm) with a phase-contrast microscope.
Analytical techniques. All of the analyses of the metabolic
end-products were carried out in triplicate. The amino acid,
organicacidandaromaticacidmetabolicend-productswere
analysed by means of HPLC (Alliance 2690; Waters) as
described by Wery et al. (2001b). Proteins from the super-
natant of the culture were precipitated with a solution of 5-
sulfosalicylic acid at 2% (w}v). Amino acids were studied
after derivatization [with an ethanol}water}triethylamine}
phenylisothiocyanate (7:1:1:1 by vol.) solution] under the
conditions speci®ed for the Waters Pico Tag method
(WAT007360;Waters).Alcohols,glucoseandlinearorganic
acids were studied on an H+ exclusion column (polyspher
OAKC 1.51270; Merck) at 60 °C with a 18 mM H#SO% elution (0±35 ml min−") and with diﬀerential refractometer
(refractometer 410; Waters) detection. For analysis of
aromatic acids, the supernatant was eluted on an H+
exclusioncolumn(column28352;Chrompack)at65 °Cbya
4±5m MH #SO% solution (0±5 ml min−") and detected by
absorbance at 210 nm (UV detector 486; Waters).
Thegascompositionwas analysed usinga AGILENT M200
gas microchromatograph equipped with two parallel analy-
sis tracks [a molecular sieve-packed column (10 m) and a
Poraplot U column (8 m)] and a thermal conductivity
detector. Helium was used as the carrier gas.
H2S determination. H#S formation was detected by the
addition of 500 ll 5 mM CuSO%}50 mM HCl to 0±2m l
culture. A brown precipitate demonstrated the presence of
H#S.
Susceptibility to antibiotics. Sensitivity to antibiotics was
estimated by using 25, 50, 75 and 100 lgm l −" solutions of
the following antibiotics: chloramphenicol, kanamycin,
penicillin G, rifampicin, streptomycin and vancomycin.
Antibiotic solutions were added to GYPS medium just
before inoculation. When the antibiotic was diluted in
ethanol (chloramphenicol) or DMSO (rifampicin), the same
volume of solvent was added to the control cultures.
DNA extraction and puriﬁcation. Genomic DNA was ex-
tracted as described by Wery et al. (2001a). The con-
centration and purity of the genomic DNA obtained were
estimated by using a GenQuant II spectrophotometer
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Fig. 1. Phylogenetic position of strain
AM1114T within the Clostridiales. The
alignment was performed with 16S rDNA
sequences of related species of Clostridium
cluster XI. Clostridium litorale was used as
an outgroup. Accession numbers are
indicated in parentheses. The topology
shown corresponds to an unrooted tree
obtained using a neighbour-joining
algorithm (Kimura corrections) established
using PHYLOjWIN and manually reﬁned using
SEAVIEW. Bootstrap values are displayed on
their relative branches. The scale bar
indicates 6±0 nt substitutions per 100 nt.
(Pharmacia) at 260, 280 and 320 nm. The quality of the
extraction was checked on a 0±8% (w}v) agarose gel
containing 0±5 lg ethidium bromide ml−".
DNA base content. The DNA was puri®ed by caesium
chloride gradient centrifugation (Sambrook et al., 1989),
and its purity was checked spectrophotometrically. The
G­C content of the genomic DNA was determined from
themeltingpoint,accordingtothemethodsofMarmuretal.
(1962), under the conditions reported by Rague!ne ' s et al.
(1997). A calibration curve was constructed by using
ultrapure DNA, as described by Wery et al. (2001a).
Ampliﬁcation of the 16S rDNA. The 16S rDNA was selec-
tively ampli®ed from puri®ed genomic DNA by a PCR with
oligonucleotide primers designed to anneal to conserved
positionsinthe3«and5«regionsofthe16SrRNAgenes.The
forward primer was SAdir (5«-AGAGTTTGATCATGGC-
TCAGA-3«, corresponding to positions 8±28 in the Escher-
ichia coli 16S rRNA) and the reverse primer was S17rev (5«-
GTTACCTTGTTACGACTT-3«, corresponding to posi-
tions 1493±1509). The initial denaturation step consisted of
heating of the reaction mixture to 94 °C for 3 min. This was
followed by 30 cycles as follows: denaturation at 94 °C for
1 min, annealing at 48 °C for 1 min 30 s, and extension at
72 °C for 2 min. A ®nal extension step was carried out at
72 °C for 6 min. The PCR products were analysed on 0±8%
(w}v) agarose TAE gels (0±04 M Tris-acetate, 0±001 M
EDTA), containing 0±8 lg ethidium bromide ml−", and
recorded with a Fluor-S multiImager (Bio-Rad).
16S rDNA sequence analysis. The 16S rRNA gene was
double-strand sequenced with the primers described by
Rague!ne ' s et al. (1996). This work was done by Genome
Express (Grenoble, France) with an automatic DNA-
analysis system (Applied Biosystems); 1456 positions of the
16S rDNA sequence were determined. The clustal w
method with weighted residues was used to align the
sequences of representative Clostridiales and to calculate
similarity levels (Thompson et al., 1994). The 16S rDNA
sequence alignment was re®ned manually by using the
multiple sequence alignment editor seaview, and a phylo-
genetic reconstruction was produced using phylojwin
(Galtier et al., 1996) with the following settings: neighbour-
joining (Saitou et al., 1987) with the correction of Kimura
(1980), maximum-parsimony (Lake, 1987) and maximum-
likelihood (Felsenstein, 1981) methods. Bootstrap values
weredeterminedaccordingtoFelsenstein(1985).Thestrains
and 16S rDNA sequences used for phylogenetic analysis are
given in Fig. 1.
RESULTS AND DISCUSSION
Enrichment and isolation
Growth of motile, rod-shaped micro-organisms was
observed in enrichment cultures after 37 h incubation
at 60 °C. The enriched cultures were successfully
subcultured, and one isolate was puri®ed and refer-
enced as strain AM1114T (¯DSM 14501T¯CIP
107141T).
Phylogenetic analysis
The almost complete sequence (1456 bp) of the 16S
rDNA gene of strain AM1114T was determined. The
phylogeneticposition of this organismwas determined
by comparing its 16S rDNA sequence with those of
representative ones from the 19 Clostridiales clusters
(according to the scheme of Collins et al., 1994). For
this phylogenetic reconstruction, Bacillus subtilis
(GenBank}EMBL accession no. AB016721) was used
as an outgroup. According to this ®rst reconstruction,
it was concluded that strain AM1114T belonged to
cluster XI of the lineage encompassing the genus
Clostridium and related genera. A second phylogenetic
tree was constructed, performed with species of cluster
XI and one species of cluster XII (Caloranaerobacter
azorensisDSM 13643T, accessionno. AJ272422; Wery
et al., 2001b) as an outgroup. It showed that the
sequence of AM1114T was related to the Clostridium
halophilum subcluster. Cluster XI is very large, and,
consequently, the ®nal phylogenetic reconstruction
(Fig.1)wasperformedonlywithcloselyrelatedspecies
among this cluster (with Clostridium litorale as an
outgroup). The pairwise evolutionary distances based
on 1441 unambiguous nucleotides were computed
using the Kimura two-parameter model (Kimura,
1980), and a dendrogram was constructed from these
distances using the neighbour-joining method. The
species most closely related to AM1114T was Clos-
tridium halophilum (91% 16S rDNA sequence simi-
larity).ItwasfollowedbyClostridiumformicoaceticum
(90%), Clostridium aceticum (90%), Alkaliphilus
transvaalensis (90%) and Tindallia magadii (90%).
The positioning of strain AM1114T was supported by
the results of the three algorithms used: neighbour
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Fig. 2. (top) Scanning electron micrograph of strain AM1114T in
the mid-exponential phase of growth, showing a sporulated
cell. Bar, 2 lm. (bottom) Transmission electron micrograph of
strain AM1114T in the mid-exponential phase of growth,
showing a cell wall with (from the inside to the outside) a
cytoplasmic membrane, a thin peptidoglycan layer and an outer
membrane – the characteristic cell wall ultrastructure of Gram-
negative bacteria. Bar, 1 lm.
joining, maximum parsimony and maximum likeli-
hood. The topology of the phylogenetic tree (Fig. 1)
wasalsosupportedbythethreealgorithmsused,except
in the case of some branches (bootstraps !50%).
Toourknowledge,thisisthe®rstreportoftheisolation
of a member of cluster XI (sensu Collins et al., 1994)
within the lineage of the genus Clostridium and related
genera from a deep-sea hydrothermal vent.
The genus Clostridium is intermixed with members of
diﬀerent genera, exhibiting ± or not exhibiting ± a
combination of Clostridium-type properties. The taxo-
nomicde®nitionofthegenusClostridium,proposedby
Prazmowski (Hippe et al., 1992), comprised only four
(combined) criteria, i.e (1) an ability to form endo-
spores; (2) an anaerobic type of energy metabolism;
(3) an inability to carry out the dissimilatory reduction
of sulfate; and (4) a Gram-positive cell wall ultra-
structure. Strain AM1114T does not come close to
meeting this de®nition.
Morphological and physiological characteristics
Scanning electron microscopy and phase-contrast mi-
croscopy indicated that cells of isolate AM1114T were
thin, straight to slightly curved rods approximately
0±5±0±7 lmwideand3±10 lmlong(meanlength,6 lm)
during the exponential phase of growth. They ap-
peared as single cells (Fig. 2, top) or in pairs. Under
unfavourable growth conditions and in the stationary
phase of growth, cells elongated; occasionally, cells
that were 17 lm long were observed. The cells stained
Gram-negative, and electron microscopy of thin sec-
tions of strain AM1114T revealed the presence, in the
cell wall, of a thin peptidoglycan layer characteristic of
Gram-negative bacteria (Fig. 2, bottom). Moreover,
the KOH reaction was positive, con®rming the Gram-
negative type of AM1114T cells. In the late stationary
phase of growth, cells formed an ovoid, refractile,
terminal endospore (Fig. 2, top). Both non-sporulated
and sporulated cells were motile by means of peritri-
chous ¯agella.
This isolate is not an exception among Gram-negative
bacteria of the Firmicutes. In fact, the genus Clostri-
dium sensu lato is polyphyletic and is related phylo-
genetically to several Gram-negative-stainingtaxa (for
example Broda et al., 2000; Wery et al., 2001b).
Strain AM1114T grew at 45±65 °C, the optimum being
around 55±60 °C. No growth was observed at 40 or
70 °C. The strain required NaCl for growth, and grew
at sea-salt concentrations of between 20 and 60 g l−"
(corresponding to 15±46 g NaCl l−"). The optimum
sea-salt concentration was approximately 25±30 g l−"
(correspondingto19±23 gNaCll−").Growthoccurred
at pH 4±5±8±0, the optimum pH being around 7±5±8±0.
Metabolic properties
Strain AM1114T is an anaerobic, obligately hetero-
trophic bacterium unable to grow by homoacetogen-
esis. The isolate was able to grow on complex pro-
teinaceous substrates and carbohydrates. Very active
growth was observed on yeast extract as the sole
energy and carbon source. Although weak growth
occurredonamixtureof20aminoacids,thestrainwas
unable to grow on amino acid pairs via the Stickland
reaction.
On the other hand, the other substrates tested as sole
carbon sources did not allow growth. In the presence
of 0±01% (w}v) yeast extract, growth on brain±heart
infusion, d(­)-glucose and maltose was supported.
Poor growth was observed on peptone and on d(­)-
galactose (in the presence of 0±01%, w}v, yeast
extract). None of the other organic acids, alcohols or
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carbohydratestestedincombinationwith0±01%(w}v)
yeastextractsupportedgrowth.Norequirementforan
external electron acceptor was observed. Despite the
fact that elemental sulfur, l-cystine and thiosulfate did
not clearly enhance growth, they were reduced to
hydrogen sul®de. Conversely, no growth was observed
in the presence of nitrites, sul®tes and polysul®des.
Ferric iron, sulfates and nitrates did not enhance
growth. These data suggest that the isolated strain is
an obligately fermentative bacterium.
The lineage that encompasses the genus Clostridium
and related genera is metabolically heterogeneous,
containing a large proportion of fermentative micro-
organisms (Hippe et al., 1992; Rainey et al., 1993;
Takai et al., 2001). The isolate does not stand out from
the majority. It is a strictly chemoorganoheterotrophic
bacterium able to ferment complex proteinaceous
substrates and carbohydrates.
Under optimal growth conditions (with yeast extract
as a carbon and energy source, sulfur as an external
electronacceptor,and atoptimaltemperature,pH and
salinity), the ®nal concentration in vials was around
8¬10)cellsml−",andthegenerationtimewasapproxi-
mately 45 min.
During fermentation on GYPS medium, strong
growth was observed. Notably, a high consumption of
glucose (i.e. 2±3gl −") concomitant with high levels of
production of hydrogen, carbon dioxide, acetate
(7±50 mM), butyric acid (0±82 mM) and ethanol
(10±7 mM) was observed (the values given above and
below were performed at the end of the exponential
phase of growth). Weak production of butanol was
alsoobserved(0±1 mM).Moreover,0±05 mMsuccinate
and the small amounts of free amino acids (aspartate,
glutamate, asparagine, serine, histidine, methionine,
cysteine, isoleucine, leucine, phenylalanine, trypto-
phan and lysine) available in the medium were con-
sumed. At the same time, formate (3 mM) and l-
alanine (0±08 mM) were produced. Weak increases in
the hydroxyphenylacetate, phenylacetate, propionate,
isobutyrate, isovalerate and pyruvate concentrations
inthemediumwerealsomeasured,togetherwithsmall
increases in the glycine and proline concentrations
(probablyobtainedbydegradationoftheyeast-extract
proteins). When the strain was cultivated in a medium
containing a mixture of 20 amino acids (each at a
concentrationof 0±1gl −"), weak growth was observed,
and serine, proline, asparagine, tryptophan, cysteine,
isoleucine, leucine and phenylalanine were partially
consumed.
Thus, the results of the analysis of the metabolic end-
products clearly indicated that the strain is a hetero-
fermentative bacterium that degrades glucose via the
butyric acid fermentation pathway. This fermentation
pathwayiswidelydistributedamongthegenusClostri-
dium and related genera. Catabolic end-products of
glucose fermentation included the butyrate produced
via the butyrate pathway, and acetate, ethanol, hy-
drogen and carbon dioxide produced via secondary
parallel pathways. However, acetone and 2-propanol
were not produced, indicating that the acetone}2-
propanol parallel pathway was not activated. The
inhibition of this pathway could be due to the high
concentrations of carbon dioxide produced in the
medium, as has been described previously for many
clostridia.
On the other hand, a signi®cant amount of l-alanine
was excreted into the medium during glucose fer-
mentation. This phenomenon has been previously
reported for some thermophilic micro-organisms be-
longing to the Thermotogales (Ravot et al., 1996),
theThermococcales (Kengen et al., 1994; Kobayashi et
al.,1995)andtheClostridiales(Fardeauetal.,2001).It
has been correlated, in most cases, with an increase in
the H# partial pressure. The production of l-alanine
could be a way of avoiding the possible `toxic' or
inhibiting eﬀect of H# excesses, i.e. by attaching them
to a carbon structure that would be secreted. Under
cultivation in the presence of S!, an additional mech-
anism for preventing this inhibition could be the
production of H#S, as has been observed in this work.
Susceptibility to antibiotics
Growth of isolate AM1114T was inhibited by van-
comycin, chloramphenicol, rifampicin and penicillin
Gat the lowestconcentrations tested (25 lgm l −"), and
bystreptomycin at 50 lgm l −".The strainwas resistant
to 100 lg kanamycin ml−".
DNA base composition
The G­C content of the genomic DNA of strain
AM1114T was 24±2³1m o l% .
Taxonomic position of the novel isolate
The closest phylogenetic relatives of strain AM1114T
were Clostridium halophilum (Fendrich et al., 1990)
(91%similarity)followedbyClostridiumformicoaceti-
cum (Andreesen et al., 1970), Clostridium aceticum
(Braun et al., 1981), Alkaliphilus transvaalensis (Takai
et al., 2001) and T. magadii (Kevbrin et al., 1998)
(mean similarity of 90%). In addition to the phylo-
genetic distances (9±10%), strain AM1114T exhibited
signi®cant genotypic and phenotypic diﬀerences from
its nearest phylogenetic neighbours: (1) cells of strain
AM1114T stain Gram-negative, whereas cells of Clos-
tridium halophilum, T. magadii and Alkalphilus trans-
vaalensisstainGram-positive;(2)Clostridiumaceticum
and Clostridium formicoaceticum are acetogens cap-
able of chemolithoautotrophic and aromatic-depen-
dent growth; (3) T. magadii and Alkalphilus transvaal-
ensis are true alkaliphilic micro-organisms; (4) Clos-
tridium halophilum is halophilic; (5) the temperature
ranges for growth are very diﬀerent: the new isolate is
thermophilic, and its closest phylogenetic relatives are
mesophiles; (6) the G­C content of the genomic
DNA of the isolate is 24±2 mol%, while those of the
closest relatives range from 26±9t o3 7 ±6 mol% (for
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Clostridium halophilum and T. magadii, respectively).
In addition, T. magadii was an asporogenous bac-
terium.
On the basis of the overall 16S rDNA dissimilarity
value between strain AM1114T and the closest de-
scribed relatives (9±10%) as well as the major pheno-
typic and genotypic diﬀerences, we propose that
AM1114T should be assigned to a new genus within
clusterXIoftheClostridiumsubphylum.Becauseofits
origin in a hydrothermal vent, we name this genus
Caminicella, and, because of its ability to form spores,
we name the new species Caminicella sporogenes.
Description of Caminicella gen. nov.
Caminicella (Ca.mi«ni.cel«la. L. gen. n. camini of a
chimney,relating to the hydrothermal chimney origin;
L. fem. n. cella cell; N.L. fem. n. caminicella cell from
a hydrothermal chimney).
Cellsarerod-shaped,motile,andstainGram-negative.
Spore-forming thermophile, adapted to the pH and
salinity of the ocean. Anaerobic and heterotrophic;
able to ferment proteinaceous substrates and carbo-
hydrates. 16S rDNA sequence comparisons locate the
Caminicella genus in the domain Bacteria, within
cluster XI of the lineage encompassing the genus
Clostridium and related genera (Collins et al., 1994).
Description of Caminicella sporogenes sp. nov.
Caminicella sporogenes (spo.rog.en«es. M.L. n. spora a
spore; Gr. v. gennaio produce; M.L. part. adj. sporo-
genes spore-producing).
Cells are rod-shaped (3±10 lm long¬0±5±0±7 lm
wide), motile by means of peritrichous ¯agella, and
exhibit a Gram-negative cell wall ultrastructure. Spor-
ulation is observed in the late stationary phase of
growth. Growth occurs at 45±65 °C (optimum, 55±
60 °C), at pH 4±5±8±0 (optimum, pH 7±5±8±0), and at
sea salt concentrations of 20±60 g l−" (optimum, 25±
30 g sea salt l−"). The optimal doubling time is around
45 min; the maximum cell yield is 8¬10) cells ml−" in
vials. Anaerobic. Able to ferment yeast extract, brain±
heart infusion, d(­)-glucose, maltose, and, to a much
lesser extent, peptone, galactose and a mixture of 20
amino acids. The main fermentation products on
GYPSmediumareH#,CO#,butyrate,ethanol,acetate,
formate and l-alanine. The G­C content of the
genomic DNA is 24±2³1 mol%. The 16S rDNA
similarity to Clostridium halophilum is 91%. The
GenBank}EMBLaccessionnumberforthe16SrDNA
sequence is AJ320233. The type strain, AM1114T
(¯CIP 107141T¯DSM 14501T), was isolated from
young entire Alvinella pompejana tubes attached to
small fragments of chimney rocks that were collected
from the hydrothermal site Elsa (HOT3) in the East-
Paci®c Rise (103° 56« 326 W, 12° 48« 200 N).
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